The myeloproliferative leukemia virus (MPLV) is a new acute leukemogenic, nonsarcomatogenic retroviral complex that is generated during the in vivo passage of a molecularly cloned Friend ecotropic helper virus. Examination of viral RNA expression in MPLV-producing cells revealed the presence of two distinct molecular species that hybridized with a long terminal repeat or an ecotropic env-specific probe but not with a xenotropic mink cell focus-forming virus env-specific probe derived from a spleen focus-forming virus: an 8.2-kilobase species corresponding to a full-length Friend murine leukemia virus (F-MuLV) and a deleted species with a genomic size of 7.4 kilobases. This deleted virus was biologically cloned by limiting dilutions and single cell cloning in Mus dunni fibroblasts. Three nonproducer clones with normal morphologies and containing one single integrated copy of the deleted virus were superinfected with F-MuLV, Moloney murine leukemia virus, Gross murine leukemia virus, mink cell focus-forming virus (HIX), or the amphotropic 1504 murine leukemia virus. All pseudotypes caused macroscopic and microscopic abnormalities in mice that were similar to those seen in the parental stock. A comparison of the physical maps of F-MuLV and MPLV, which was deduced from the restriction enzyme digests of unintegrated proviral DNAs, indicated that the MPLV-defective genome (i) is probably derived from F-MuLV, (ii) has conserved the F-MuLV gag and pol regions, and (iii) is deleted and rearranged in the env region in a manner that is clearly distinct from that of Friend or Rauscher spleen focus-forming viruses.
Recently, we isolated the myeloproliferative leukemia virus (MPLV) from the in vivo passage of the molecularly cloned Friend ecotropic helper virus (Friend murine leukemia virus [F-MuLV] clone 57) (20) into a newborn DBA/2 mouse. This new virus isolate induced an acute (2-to 3-week) myeloproliferative disorder that affected all major myeloid lineages in adult mice of different strains (25) . Infected mice developed a rapid hepatosplenomegaly, but thymus and lymph nodes were not involved. Enlarged organs and peripheral blood were massively invaded by cellular elements that belonged to the granulocytic, megacaryocytic, and erythrocytic lineages. In addition, all mice became polycythemic at an advanced stage of the disease. One particular physiopathological characteristic of the MPLV isolate was a rapid emergence of erythrocytic, granulocytic, and megacaryocytic progenitor cells that did not require the addition of growth factors to proliferate and differentiate in vitro in semisolid culture media (F. Wendling, M. Charon, M. M. Martial, and P. Tambourin, manuscript in preparation). Moreover, the virus replicated in vitro in NIH 3T3 fibroblasts but did not induce transformed foci nor did it cause sarcomas when injected subcutaneously in vivo (25) . In this study analysis of nonproducer MPLVinfected fibroblastic clones provided evidence that MPLV is a replication-defective, nonsarcomatogenic retrovirus. Fur (Fig. 1B, lanes a and c) (18) . Poly(A)+ RNAs were selected twice on oligo(dT)-cellulose columns, fractionated by electrophoresis on 1% agarose gels after glyoxal denaturation, and blotted to nitrocellulose paper. Blots were hybridized under stringent conditions with 32P-labeled, nick-translated DNA probes (specific activity, 1 x 108 to 2 x 108 cpm per ,ug of DNA). The LTR probe (A) was a Moloney murine sarcoma virus LTR purified from the clone ml-MSV (26) . The E57BS ecotropic envspecific probe (B) was a 400-bp BamHI-SmaI env fragment that was isolated from F-MuLV clone 57 (22) . The SFFV env-specific probe (C) was a 700-bp BamHI-EcoRI fragment that was isolated from the SFFV-p clone 231a-2 (17 (Fig. 1C, lane d) . As shown in cells used as controls, this probe annealed with the 6.3-and 2.5-kb SFFVp RNAs in FLV-producing cells (Fig. 1C , lane a) and also with the 8.2-and 3.2-kb MCF RNAs in MCFproducing cells (Fig. 1C, lane b) . The 3.2-kb RNA species faintly detected by this probe in MPLV-producing cells (Fig.  1C , lane d) probably corresponded to the expression of MCF-related endogenous sequences that have been described previously in DBA/2 mice (16) . Moreover, because no gp52-like product was immunoprecipitated with ecotropic-specific or xenotropic-specific anti-gp7O antibodies (data not shown), the deleted genome within the MPLV complex did not appear to contain MCF or xenotropic recombinant sequences similar to SFFVs.
The multiple hematopoietic effects (granulocytosis, erythrocytosis, and thrombocytosis) that were observed after MPLV inoculation raised the question of whether the additional deleted information was by itself responsible for the proliferation of different hematopoietic progenitor cells or whether various viruses had been generated in the same mouse. Therefore, we decided to biologically clone by limiting dilution the viral information present in the original isolate. Analysis of unintegrated proviral DNA in NIH 3T3 cells infected by the MPLV complex suggested an estimated F-MuLV/MPLV ratio of approximately 1:1 or 1:2. On the basis of this ratio, the isolation of cells that contained each component in the absence of the other was a technically feasible goal. To isolate cells containing MPLV in the absence of F-MuLV, we chose Mus dunni fibroblasts that contained few endogenous viral sequences but that replicated MuLVs to higher titers than NRK cells (15 . 4) ; therefore, the number of fragments detected with the E57BS probe indicates the number of integrated viral copies but does not distinguish a agarose gels and transferred to a nylon membrane. Filters were prehybridized for 6 h at 42°C in 50% formamide-10% dextran sulfate-1% sodium dodecyl sulfate-1 M sodium chloride. Hybridization was carried out overnight at 42°C in the same buffer containing sonicated denatured herring sperm DNA (200 ,ug/ml) and the 32P-labeled, nick-translated E57BS ecotropic env-specific probe.
Filters were washed twice in 2x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate) for 5 min at room temperature, twice in 2 x SSC-0. 1% sodium dodecyl sulfate for 30 min at 65°C, and then twice in 0.1 x SSC for 30 min at room temperature. As an internal marker, supernatant obtained by the method described by Hirt (13) from NIH 3T3 cells infected with the MPLV complex was digested with PvuII (lane e). Bands at 6.0 kb and higher were partially digested proviral DNA. F-MuLV genome from an MPLV genome. Our data (Fig.  3A) show that only one additional band was detected with the E57BS probe in DNA from the three NP clones when compared with normal M. dunni DNA. The size of the new EcoRI fragments varied in each clone (10, 15, and 17 kb), suggesting that the acquired proviral copy was integrated at different sites in each clone. Second, PvuII cut many times within both genomes. Nevertheless, the size of the internal fragments that hybridized with the E57BS probe differentiated F-MuLV from MPLV. A 2.2-kb fragment was seen after PvuII digestion of the DNAs of the three NP clones (Fig.  3B) , which is in accordance with the size of the internal PvuII fragment predicted from the MPLV restriction map (Fig. 4) . This fragment was clearly distinct from the 4.6-kb internal fragment in the F-MuLV genome. An unexpected finding was that the E57BS F-MuLV-env-specific derived probe detected a 3.5-kb band in EcoRI-digested DNA and a 5.2-kb band in PvuII-digested DNA from noninfected M. dunni cells. This observation was surprising because M. dunni cells are known to harbor little endogenous viral information compared with other mouse strains (15) . In fact, we observed these bands in all laboratory mouse strains tested so far, including AKV-negative strains and SC1 fibroblasts from wild mice (22) . Because this band was not found in DNAs from other species (hamsters, rats, minks, dogs, or humans), it can be concluded that this endogenous F-MuLV-related viral sequence has been conserved along the mouse speciation but remains limited to this species (unpublished data).
F-MuLV alone induces in mice a wide spectrum of hematopoietic malignancies, including erythroblastic, myeloblastic, and lymphoblastic leukemias, after a long latency of several months (6, 21, 24 From RNA studies performed on the MPLV-producing cells and from analysis by the method of Hirt (13) , the MPLV genome appeared to be 800 base pairs (bp) shorter than the parental F-MuLV clone 57. Furthermore, the size of the env-spliced mRNA strongly suggests that the deletion could be located in the env region. To further strengthen this assumption, restriction endonuclease analysis of MPLV was performed on unintegrated proviral DNA that was isolated by the procedure described by Hirt (13) . Because the FMuLV clone 57 genetic map is known (5) , the differential analysis between the restriction endonuclease patterns obtained with F-MuLV proviral DNA alone and with F-MuLV and MPLV proviral DNAs allowed the identification of the actual MPLV bands and the deduction of the MPLV restriction map. Comparison of the genetic maps presented in Fig.  4 indicates that MPLV is probably derived from the FMuLV parental genome and is deleted and rearranged in the env region. Indeed, no difference between F-MuLV clone 57 and MPLV could be detected in the gag and pol regions with nine different restriction endonucleases. Many modifications, however, were found in the env region. (i) The fragments obtained after double digestion with HindIII-ClaI or EcoRI-ClaI and detected with the E57BS env-specific probe were 800 bp shorter in MPLV than in F-MuLV. (ii) The BamHI site at 6.3 kb and the SstII site at 6.5 kb in the 5' portion of the F-MuLV gp7O gene appeared to be present in the MPLV genome; in contrast, the HincII site at 7.3 kb in the 3' portion of the F-MuLV gp7O gene (14) was missing in the MPLV genome. (iii) Finally, two new sites, SacI at 6.7 kb and PvuII at 6.5 kb, were found in the MPLV env region. Interestingly, no novel EcoRI site was detected in the MPLV env gene. This observation already distinguishes the MPLV env region from that of Friend and Rauscher SFFVs or MCFs, which all contain an EcoRI site (1, 3, 4, 7). Moreover, the MPLV env region annealed with the ecotropic BamHI-SmaI E57BS probe derived from the 5' end of the F-MuLV clone 57 env gene but did not hybridize with a 700-bp BamHI-EcoRI SFFV-derived probe covering the 5' end of the SFFV env region. It can therefore be concluded that the MCF sequences present in the 5' end of the SFFV env region are absent in MPLV. On the other hand, the PstI site at 7.5 kb and the ClaI site at 8.1 kb, which both map in the pl5E gene (14) , appeared to be conserved in the MPLV genome.
Our data indicate that the structure of the MPLV env gene is different from those of Friend or Rauscher SFFVs but do not give any clue to the recombinational event(s) that generated this replication-defective virus. Molecular cloning and sequencing are currently in progress to define precisely the structure of this new viral entity. 
